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Thirty-one Aman rice germplasm were evaluated to assess their morphological variability and genetic
diversity considering ten quantitative and thirty one qualitative traits at the field experimental plot of
Bangladesh  Institute  of  Nuclear  Agriculture,  Mymensingh,  following  randomized  complete  block
design.  The germplasm showed significant  differences  for  all  the  studied  traits.  The  highest  grain
yield/plant  was  recorded  in  Sentu-16  whereas  the  lowest  was  found  in  Gaindha.  The  genotypic
coefficient of variation (GCV) was lower than those of the corresponding phenotypic coefficient of
variation (PCV) for all the traits. High PCV and GCV along with heritability, genetic advance (GA) and GA
in percentage of  mean were recorded for  number of  filled  grains/panicle  and number  of  unfilled
grains/panicle.  Grain yield/plant  had positively  significant  correlation with plant height,  number of
total  tillers/hill,  number of  effective tillers/hill,  number of  filled grains/panicle and thousand grain
weight.  Path  co-efficient  analysis  suggested  that  grain  yield/plant  had  positive  direct  effect  in
association with days to fifty percent flowering, number of effective tillers/hill, panicle length, number
of filled grains/panicle and thousand grain weight. Principal component analysis revealed that the first
three components accounted for 79.57% of cumulative variance. Cluster analyses were revealed that
the studied rice germplasm organized into five clusters based on D2 values where maximum inter-
cluster distance was observed between cluster II and V. Qualitative characterization by distinctness,
uniformity  and  stability  test  revealed  that  a  wide  range  of  variation  was  observed  among  the
genotypes. Therefore, this study would be useful for breeders to choose and identify the revival and
preservation of beneficial genes for crop improvement.
Introduction
Rice  (Oryza  sativa L.)  is  popularly  called  as  ‘global
grain’. It is the staple food of about 156 million people
of Bangladesh (1) which constitutes 95% of food grain
production in the country. It is the easiest source of
food and commodity of significance for the people of
Bangladesh  (2).  It  belongs  to  the  family  Gramineae.
The amount of rice grown in Asia is about 90% of the
world’s rice which alone covers the food demand for
about  60%  population  of  the  world  (3).  Bangladesh
ranks fourth among the 114 rice growing countries of
the world with the production of 52.3 million metric
tonnes whereas China is the first with the production
of 211.09 million metric tonnes (4). As rice plays a very
important  role  in  traditional  diets  and  in  the
livelihood  of  people,  it  earns  a  special  position  in
many  nations.  Three  types  of  rice  grown  in
Bangladesh,  viz.,  Aus,  transplanted  (T.)  Aman,
broadcast  (B.)  Aman and  Boro depend  on the  wide
environmental  diversity  which  results  from
considerable  variation  in  topographic  and  seasonal
components. Land used for cultivating  Aus, T. Aman
and  Boro  season  is  1.08,  4.86  and  5.68  million  ha,
respectively (4). Although the area under Aman rice is
increased, the area for cultivation of local varieties is
not  increased due to  its  low yielding  ability.  Out  of
5.68 million ha, only 0.94 million ha of land are used
for  cultivation of  local  varieties  (5).  As  a  result,  the
local varieties have been disappeared day by day.
Local  germplasm  of  Aman  rice  plays  an
indispensable role in the local food security as well as
sustainable  development  of  agriculture  (6)  as
germplasm provides adaptable genes for the changing
environment  and  inclusion  of  these  genes  from
landraces  can  ensure  expected  grain  production.
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Many of the local varieties adapting in different parts
of  the  country  have  very  good  quality,  fineness,
aroma, taste and high protein content (7). These also
include  sources  for  simply  inherited  resistance  or
tolerance against different biotic and abiotic stresses
and provide complex traits  for further improvement
of  grain  quality  and  yield.  So,  the  conservation  of
germplasm  of  local  Aman rice  varieties  is  very
important.  On  the  other  hand,  food  is  one  of  the
security  problems  faced  by  the  world  in  the  21st
century. Among all food items, the significance of rice
is supreme. The global rice demand will be 880 million
tonnes in 2025 which is about 70% more than present
production (8). In order to meet up the demand, two
ways  can  be  effective:  expanding  the  rice  growing
area and increasing productivity or both (9). As there
is  no  possibility  of  increasing  cultivated  area,
development  of  high  yielding  varieties  is  the  only
option to increase the yield of Aman rice. 
The future strategies in the improvement of rice
largely depend on the availability of genetic resources
and  their  effective  utilization.  At  present,  varietal
identification  for  rice  are  primarily  based  on
morphological  and physiological  parameters.  During
the development of varieties, the plant breeders who
uses several techniques for creating genetic variation
and selecting from within that variation mainly uses
the superior plants after final selection (10). Parental
genotypes  from  random  populations  are  selected
based  on  the  information  about  genetic  diversity.
Besides genetic diversity, crop yield not only depends
on the different yield contributing traits  but also on
the  factors  involved  about  environment.  In  case  of
rice, higher yield also depends on the higher number
of effective tillers/hill, number of filled grains/panicle
and  1000-grain  weight  (11).  These  traits  are  also
correlated  among  themselves.  The  magnitude  of
genetic  variability  like  as,  phenotypic  and genotypic
variances,  phenotypic  coefficient  of  variation  (PCV)
and  genotypic  coefficient  of  variation  (GCV),  broad
sense  heritability,  genetic  gain  (GA)  is  highly
responsible for the genetic improvement of any crop
based on which the breeding methods are constructed
for  its  additional  improvement.  The  extent  of
variability is measured by GCV and PCV. Correlation
analysis  is  used to determine the association among
the different traits (12). Principal component analysis
(PCA) marks out the plant characters that provide the
most in creating variation within a group of entries.
On  the  other  hand,  the  relationships  between  yield
and yield contributing traits can be analyzed through
path-coefficient (13) which explains the real causes of
relationship.  The above tools  are found to be useful
for  proper  characterization  in  further  breeding
program. Besides genetic characterization, qualitative
characterization of Aman rice germplasm is essential
for  utilizing  the  appropriate  attribute  based  donors
for further study and also crucial to the present era
for protecting unique rice. Plant characterization has
been  effectively  used  in  searching  out  appropriate
attributes  among  individual  genotypes  which  is
possible through distinctness, uniformity and stability
(DUS) test (14). 
Elucidation  of  morphological  and  genetic
characterization and  assessment  of  diversity  is  very
crucial  for future varietal  improvement. There is no
comprehensive  report  regarding  the  morphological
and  genetic  variability  and  diversity  of  cultivated
Aman rice germplasm of Mymensingh region. Lack of
access  to  phenotype  information  is  still  seen  as  a
limiting factor for the use of plant genetic resources.
Therefore,  the  present  study  was  conducted  to
characterize  Aman  rice  germplasm  based  on
morphological  traits,  to  assess  the  nature  and
magnitude  of  genetic  diversity,  to  study  the
relationship, heritability and genetic advances of yield
and yield contributing traits  and also to identify  the
suitable traits for varietal improvement.
Materials and Methods
Plant materials, exploratory site and design
The experiment was set up at the exploratory Farm of
BINA,  Mymensingh  following  randomized  complete
block  design  (RCBD) with  three  replications.  Thirty-
one  rice  genotypes  (1.Gaindha,  2.Purabinni,
3.Fulkainja,  4.Rupashail,  5.  Leda  binni,  6.Biroi,
7.Chapal,  8.Sentu-15,  9.Sentu-19,  10.Lalchinishail,
11.Dudhbinni, 12.Champamashuri, 13.Chotosornolota,
14.Motamorang,  15.Pairjaat,  16.Sentu  gold,
17.Markabinni,  18.Bishalibinni,  19.Goatibinni,
20.Shongbinni,  21.Sentu-18,  22.Fullota,  23.Mery gold,
24.Lalmatia,  25.Chapal-2,  26.Sentu-6,  27.Sentushail,
28.Sentu-17, 29.Sentu-16, 30.Ranishail and 31. Sentu-5)
was  used  as  plant  materials  which  were  collected
from different places of Mymensingh region. The unit
plot size was 2 m× 3 m. Twenty-five days old seedlings
were used for transplanting @ one seedling hill-1 with
the space of 15 cm × 20 cm. Recommended doses of
fertilizers and manures were applied to the soil. Other
intercultural  operations  were  done  whenever
necessary.
Data recording
Five  plants  from  each  germplasm  were  selected
randomly for data collection on different quantitative
traits viz. plant height, days to 50% flowering, days to
maturity,  total  tillers/hill,  effective tillers/hill,  panicle
length,  filled  grains/panicle,  unfilled  grains/panicle,
1000-grain  weight  and  yield/plant. Qualitative  traits
were  collected  in  terms  of  blade  pubescence,  blade
color, leaf sheath: anthocyanin color, basal leaf sheath
color,  leaf  angle,  flag  leaf  angle,  ligule  color,  ligule
shape,  collar  color,  auricle  color,  culm  anthocyanin
color,  culm  angle,  internode  color,  culm  strength,
panicle  type,  secondary  branching,  panicle  exertion,
axis, shattering, threshability,  awn: distribution, awn
color,  apiculus  color,  stigma color,  lemma and palea
color,  lemma  and  palea  pubescence,  sterile  lemma
color,  seed  coat  color,  endosperm  type  and
decorticated grain: scent.
Statistical analysis
Statistical analysis was done for the data on different
quantitative  traits  by  using  MINITAB®17  statistical
software  packages  following  a  RCBD  design.
Estimation  of  the  genotypic  variance  (GV)  and
phenotypic variance (PV), broad sense heritability (%),
GA  was  done  following  the  standard  formulae  (15);
GCV and PCV values were calculated (16); GA (%) was
also analyzed based on the formula (17).Transformed
973  EMI ET AL 
uncorrelated  means  of  characters  were  used  to
calculate  the  Mahalanobis  distance  (D2)  values  (18).
Pearson  correlation  matrix,  path  analysis,  PCA  and
clustering  were  also  performed  using  statistical
software R, version 3.3.2.
Results and Discussion
Evaluation  of  performance  of  the  studied  rice
germplasm for yield contributing traits
The  differences  among  the  germplasm  for  all  the
studied traits were highly significant (p<0.01) (Table 1)
which  is  an  indication  of  genetic  diversity  of  the
germplasm. There  are reports  on  highly  significant
variability for all the studied traits in their experiment
(19, 20). Significant (p<0.01) variations were seen for
individual  traits  which were also observed by many
other researchers for plant height (21-23); for days to
50% flowering (24, 25); for days to maturity (26); for
no.  of  total  tillers/hill  (27,  28);  for  no.  of  effective
tillers/hill (24, 29); for grain yield/plant (30, 31).
In this study, Ranishail was the tallest (134.67 cm)
among the rice  germplasm and Lalmatia  (71.33 cm)
was the shortest one. These variations in plant height
are  mostly  due  to  different  genetic  makeup  of  the
germplasm.  In  this  investigation,  it  was  found  that
Shongbinni  was  the  late  flowering  (118  days)
germplasm and Sentu-5 was the earliest (97.67 days)
flowering  one  because  of  the  influence  of  genetic
inheritance and availability of nutrient content in soil.
In  case  of  maturity,  Sentu-17  required  the  shortest
time  for  maturity  whereas  Gaindha,  Mery  gold  and
Ranishail  were  the  late  maturing  genotype.  Days  to
maturity  ranged  from  135.33  to  151.33  days.  The
results were almost similar to the earlier findings (22).
Germplasm  viz.  Sentu-17  might  be  useful  in  future
breeding program to develop short duration variety.
With the advancement of growth stages, the tiller
number  of  the  varieties  increased.  But  it  was  not
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Table 1. Mean performance of the studied rice genotypes for yield and yield attributing traits
Variety PH(cm) DFF DM TTH (no.) ET (no.) PL (cm) FGP(no.) UGP(no.) TGW (g) GYP(g)
Gaindha 90.50mn 108.67ef 151.33a 14.67bc 8.50Op 28.83a 70.03p 62.22b 9.38v 4.91j
Purabinni 72.60q 109.00ef 149.33bc 16.00ab 10.33k 25.17c-g 100.28o 9.11u 14.16s 6.87hi
Fulkainja 130.20ab 113.33c 150.67ab 13.67c 13.33e 24.17e-i 198.00ef 19.33n-q 28.13b 8.96b-d
Rupashail 132.33a 107.67e-g 150.33ab 14.67bc 14.67c 22.33i 220.78b 44.37de 25.77d 9.83ab
Leda binni 115.63d-f 117.67a 150.00a-c 17.67a 13.50de 22.67hi 212.62cd 20.11m-p 20.33ij 8.67c-f
Biroi 117.73c-e 113.33c 146.00e 14bc 12.33gh 25.00c-g 188.77g 22.78j-m 20.40i 8.67c-f
Chapal 120.07cd 107.67e-g 148.33cd 15b 14.00d 24.83d-h 170.04h-j 23.55i-l 20.34ij 8.83c-e
Sentu-15 112.67f-h 104.67h-i 145.33ef 16.33ab 15.00c 24.83d-h 185.78g 15.22r-t 26.54c 9.50a-c
Sentu-19 115.07e-g 105.33g-i 135.67k 16.00ab 15.67b 25.50b-f 190.76fg 20.67l-p 21.50g 9.83ab
Lalchinishail 86.50no 104.67h-i 149.33bc 16.00ab 10.00ki 27.17a-c 147.89lm 22.33j-n 15.67p 7.67gh
Dudhbinni 118.00c-e 112.33c-d 145.67ef 14.67bc 12.67fg 25.00c-g 186.11g 19.00o-q 20.80h 8.67c-f
Champamashuri 90.83mn 102.67i 139.33hi 14.33bc 13.00ef 23.07g-i 198.78e 39.22f 22.07f 9.00b-d
Chotosornolota 84.32op 107.67e-g 137.00jk 10.33d 9.00no 22.50i 148.11lm 27.00h 15.00q 7.67gh
Motamorang 110.67 g-i 109.00 ef 149.67 a-c 12.33 c 10.33 k 22.50 i 217.60 b-d 10.33 u 17.00 n 8.00 e-g
Pairjaat 82.57 op 110.33 de 145.33 ef 8.67 e 8.00 p 24.92 c-h 137.33 n 20.66 l-p 11.80 t 7.33 gh
Sentu gold 84.33 op 108.67 ef 140.33 gh 15.3 b 11.00 j 24.42 d-i 155.33 kl 35.67 g 18.00 m 8.17 d-g
Markabinni 118.30 c-e 110.33 de 151.00 ab 12.67 c 11.00 j 24.83 d-h 150.22 kl 21.56 k-o 17.94 m 8.17 d-g
Bishalibinni 127.50 b 116.67 ab 150.00 a-c 16.00 ab 15.67 b 24.00 e-i 220.02 bc 24.67 h-k 31.42 a 9.83 ab
Goatibinni 106.30 ij 114.00 bc 148.33 cd 14.67 bc 12.00 hi 24.33 e-i 171.42 h-j 25.44 h-j 21.77 fg 8.83 c-e
Shongbinni 112.67 f-h 118.00 a 149.33 bc 11.67 cd 9.00 no 24.17 e-i 140.44 mn 12.33 tu 14.56 r 7.67 gh
Sentu-18 120.33 c 109.67 de 151.00 ab 12.33 c 10.33 k 24.33 e-i 166.85 ij 24.33 h-k 17.74 m 8.17 d-g
Fullota 80.67 p 109.67 de 144.00 f 10.67 d 5.33 q 23.50 f-i 100.42 o 25.11 h-j 11.24 u 6.17 i
Merygold 91.67 lm 106.33 f-h 151.33 a 14.67 bc 9.67 lm 25.42 b-f 164.00 j 16.44 q-s 16.26 o 8.00 e-g
Lalmatia 71.33 q 114.33 bc 147.00 de 11.67 cd 9.33 mn 24.83 d-h 136.00 n 47.00 d 15.60 p 7.83 fg
Chapal-2 95.50 kl 105.00 g-i 137.67 ij 14.00 bc 12.50 f-h 25.42 b-f 176.00 h 26.22 hi 19.93 kl 8.83 c-e
Sentu-6 105.67 j 105.00 g-i 137.00 jk 15.00 b 13.33 e 26.67 a-d 172.78 hi 45.78 de 19.60 l 8.67 c-f
Sentushail 96.67 k 110.33 de 141.33 g 16.33 ab 11.50 ij 26.17 b-e 175.00 h 13.78 st 19.99 jk 8.67 c-f
Sentu-17 110.45 hi 105.67 gh 135.33 k 15.00 b 13.33 e 24.33f-i 210.00 d 54.78 c 23 e 9.17 bc
Sentu-16 132.33 a 105.33 g-i 150.33 ab 18.00 a 16.50 a 23.00 g-i 245.89 a 17.45 p-r 26.70 c 10.33 a
Ranishail 134.67 a 117.67 a 151.33 a 17.67 a 16.33 a 24.00 f-i 250.11 a 42.89 e 20.33 ij 10.17 a
Sentu-5 95.00 k-m 97.67 j 135.67 k 11.67 cd 11.00 j 27.50 ab 155.89 k 66.67 a 16.33 o 8.00 e-g
Mean 105.26 109.30 145.62 14.25 11.88 24.69 173.01 28.26 19.33 8.42
Minimum 71.33 97.67 135.33 8.67 5.33 22.33 70.03 9.11 9.38 4.91
Maximum 134.67 118.00 151.33 18.00 16.50 28.83 250.11 66.67 31.42 10.33
SE 2.27 1.43 0.91 1.32 0.26 1.15 3.85 1.64 0.19 0.46
SD 18.38 4.97 5.62 2.29 2.65 1.89 40.66 14.92 4.97 1.23
Level of 
significance
** ** ** ** ** ** ** ** ** **
LSD (0.05) 4.53 2.86 1.81 1.81 0.53 2.30 7.71 3.28 0.38 0.93
CV (%) 2.63 1.60 0.76 9.03 2.73 5.70 2.73 7.10 1.20 6.74
Note: ** indicates significant at 1% level of probability. [Here, PH= Plant height, DFF= Days to 50% flowering, DM= Days to maturity, TTH = 
Total tillers/hill (no.), ET = Effective tillers/hill (no.), PL= Panicle length (cm), FGP = Filled grains/panicle (no.), UGP = Unfilled grain/panicle 
(no.), TGW= 1000-grain weight (g) and GYP = Grain yield/plant (g)]
consistent because reduced number of tillers/hill was
observed in some of the  germplasm at  harvest.  The
reason behind the reduction was the  death of  some
tillers.  Number  of  total  tillers/hill  ranged  from 8.67
(Pairjaat) to 18.00 (Sentu-16) and the mean was 14.25.
On the other hand, effective tiller number depends on
the number of tillers produced (32) which is the most
important parameter for rice. The number of effective
tillers/hill was found the highest (16.50) for Sentu-16
and the lowest (5.33) for Fullota in this  study as the
varieties are genetically different which was primarily
influenced  by  heredity.  Panicle  length  directly
controls  the  yield  of  a  particular  variety  (33).  The
longest  panicle  (28.83 cm) was recorded in Gaindha
and  the  shortest  (22.33  cm)  in  Rupashail.  These
variations in length of panicle might be due to their
genetic makeup. The findings were in line with Hoque
and Khanam (29, 34).
Ranishail possessed the highest number of filled
grains/panicle  (250.11)  which  may  be  due  to  lower
sensitiveness  of  this  genotype  to  heat  stress  (e.g.
excessive  temperature,  low  sunshine  hour)  at  grain
filling stage. On the other hand, the lowest value for
filled grains/panicle (70.03) was recorded for Gaindha.
The  results  found  for  this  trait  was  similar  to  an
earlier  work (24).  In  case  of  unfilled  grains/panicle,
Sentu-5  contained  the  maximum  (66.67)  unfilled
grains/panicle and Purabinni had the minimum (9.11).
Hoque  and  Khanam  also  observed  similar  type  of
result  for  this  trait  (29,  34).  The more the  thousand
grain weight, the more the grain yield. Thousand grain
weight ranged from 9.38 to 31.420 g. This trait is used
for  characterizing  rice  varieties  (35,  36).  Grain
yield/plant  is  the  ultimate  goal  of  rice  production.
Grain yield/plant ranged from 4.91 to 10.33 g with a
mean  8.42  g.  Sentu-16  had  the  grain/plant  in
maximum quantity and the lowest amount was found
in  Gaindha.  So,  the  findings  of  this  study  would  be
useful in finding out the suitable genotype for future
research  as  characterization  through  different
morphological  traits  is  a  key  step for  assessment  of
genetic potential of rice.
Estimation  of  genetic  variability,  heritability  and
genetic advance of the studied rice germplasm for
yield contributing traits
The  results  of  Table  2  express  the  result  for
phenotypic  and  genotypic  variances,  PCV  and  GCV,
heritability,  GA  and  GA%  of  the  studied  traits.  The
values  of  σ2G and  σ2P  were  the  highest  for  filled
grains/panicle  and  the  other  traits  had  the  lowest
value  in  this  case.  Besides,  the  values  of  genotypic
variance were inferior to phenotypic variance for all
the  studied  quantitative  traits,  expressing  the
optimum  environmental  effect  on  yield/plant  (Table
2). Earlier works also reported the same result in their
study (37-39). The highest differences for PCV and GCV
were observed for total tillers/hill, panicle length and
grain  yield/plant;  rest  of  the  traits  had  lower
differences between GCV and PCV.  The results  were
consistent with the results of earlier works (37, 40-42).
In order to predict the reliability of phenotypic value,
heritability  was  measured.  Table  2  presents  high
broad sense heritability (h2b) for all the studied traits
except  number  of  total  tillers/hill  and  grain
yield/plant.  Many  earlier  researchers  also  reported
high heritability  for  these  traits  (43-45).  High  GA in
percentage  of  mean  was  observed  in  effective
tillers/hill, panicle length, filled grains/panicle, unfilled
grains/panicle  and  1000-grain  weight.  Pandey  and
Anurag  also  recorded  high  GA%  in  their  study  for
these  traits  (46).  High heritability  coupled with high
GA (%) was observed for effective tillers/hill,  panicle
length,  filled  grains/panicle,  unfilled  grains/panicle
and  1000-grain  weight.  Similar  trend  of  high
heritability  with  high  GA for  different  traits  in  rice
was  also  reported  earlier  (47).  Traits  having  high
heritability  (h2b)  accompanied  by high  GA might  be
more  advantageous  in  predicting  gain  than
heritability alone. So the findings of this study might
be useful in order to find out the expected traits for
crop improvement programmes.
Character  association  between  yield  and  yield
contributing traits
Table  3  indicates  the  relationship  between  the
phenotypic  and  genotypic  correlation  coefficients
among different yield and yield contributing traits. In
most  of  the  cases,  genotypic  correlation  coefficients
were  greater  than  the  phenotypic  correlation
coefficients suggesting that the association was mainly
due to genetic reason. The findings were corroborated
with  the  earlier  report  (40).  Grain  yield/plant  was
positively  and  significantly  correlated  with  plant
height,  total  tillers/hill,  effective  tillers/hill,  filled
grains/panicle  and 1000-grain  weight  which  indicate
the simultaneous improvement of crops. Similar kind
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Table 2. Estimation of genetic parameters for quantitative morphological characters related to yield
  Characters PV(σ2p) GV(σ2g) PCV (%) GCV (%) h2b (%) GA GA (%)
Plant height (cm) 345.24 337.55 17.65 17.45 97.77 37.42 35.55
Days to 50% flowering 24.85 21.79 4.56 4.27 87.69 9.01 8.24
Days to maturity 32.26 31.03 3.90 3.83 96.18 11.25 7.73
Total tillers/hill (no.) 6.17 4.51 17.43 14.90 73.04 3.74 26.23
Effective tillers/hill (no.) 7.20 7.09 22.59 22.42 98.54 5.45 45.85
Panicle length (cm) 7.53 6.64 25.19 23.67 88.24 4.99 45.79
Filled grains/panicle (no.) 1689.75 1667.48 23.76 23.60 98.68 83.56 48.30
Unfilled grains/panicle (no.) 227.61 223.58 53.39 52.91 98.23 30.53 108.03
1000-grain weight (g) 25.27 25.21 26.00 25.98 99.79 10.33 53.45
Grain yield/plant(g) 1.54 1.21 14.72 13.09 79.04 2.02 23.97
[Here, σ2p = Phenotypic variance, σ2g = Genotypic variance, PCV = Phenotypic coefficient of variation, GCV = Genotypic coefficient of variation,
h2b= Heritability, GA= Genetic advance and GA (%) = Genetic advance in percentage of mean
of association was also revealed in the works of other
researchers  (48,  49).  Plant  height  exhibited  positive
and highly significant correlation with total tillers/hill,
effective  tillers/hill,  filled  grains/panicle,  1000-grain
weight and grain yield/plant. Similar trend of findings
was also reported previously (48, 50). In case of days
to  50%  flowering,  the  relationship  was  positively
significant  with only days to maturity  (51,  52).  Total
tillers/hill  was  positively  and significantly  correlated
with  effective  tillers/hill,  filled  grains/panicle,  1000-
grain  weight  and  grain  yield/plant.  A  similar  result
was found by other researchers for effective tillers/hill
(24, 53) and for grain yield/plant (24, 48) in previous
experiments.  Regarding  effective  tillers/hill,  the
correlation  was  highly  significant  and  positive  with
filled  grains/panicle,  1000-grain  weight  and  grain
yield/plant. On the other hand, panicle length showed
negative  but  significant  association  with  filled
grains/panicle  and  grain  yield/plant.  Similar  results
were  recorded  for  the  association  of  panicle  length
with other yield contributing traits (48, 54). For filled
grains/panicle,  positively  significant  correlation  was
found  with  1000-grain  weight  and  grain  yield/plant
which  was  also  revealed  for  grain  yield  (50,  55).
Thousand grain weight expressed positive and highly
significant  correlation  with  grain  yield/plant.  The
result  was  in  line  with  the  results  of  some  earlier
experiments  (48,  55).  The  positive  and  significant
correlation  between  the  traits  suggested  that  the
association  was  less  affected  by  the  environmental
factors.  So,  these traits  could be used as criteria  for
selection for higher yield. 
The correlation values are divided into direct and
indirect  effects  through path  coefficient  analysis  for
measuring  the  relative  importance  of  associated
causal  factors  (Table  4  and 5).  The  values  from the
table  implied  that  days  to  50%  flowering,  effective
tillers/hill,  panicle  length,  filled  grains/panicle  and
1000-grain  weight  exerted  positive  direct  effect  on
grain  yield/plant  at  both  phenotypic  and  genotypic
level. Similar trend of result was reported earlier and
found  that  number  of  effective  tillers/hill  and  filled
grains  had positive direct effect on grain yield/plant
(49, 56). Direct positive effect of previously mentioned
traits on grain yield/plant suggested that the selection
of these traits would be effective for improving grain
yield  in  rice.  Number of  effective  tillers/hill  exerted
the highest direct positive effect on grain yield/plant at
both phenotypic  and genotypic  level (57).  In case of
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Table 3. Estimation of phenotypic and genotypic correlation coefficients for quantitative morphological traits related to yield






TGW (g) GYP (g)
PH (cm)
rp 0.274 0.331 0.403* 0.731** -0.301 0.748** -0.120 0.708** 0.686**
rg 0.283 0.333 0.422* 0.739** -0.340 0.752** -0.119 0.712** 0.711**
DFF
rp 0.543** 0.048 -0.003 -0.274 0.104 -0.307 0.065 0.036
rg 0.561** 0.047 -0.001 -0.343 0.107 -0.313 0.067 0.028
DM
rp 0.155 -0.015 -0.138 0.031 -0.344 0.033 -0.088
rg 0.166 -0.016 -0.168 0.031 -0.350 0.033 -0.091
TTH (no.)
rp 0.710** 0.091 0.472** -0.072 0.524** 0.486**
rg 0.748** 0.054 0.500** -0.079 0.552** 0.540**
ETH (no.)
rp -0.186 0.816** 0.011 0.854** 0.877**
rg -0.215 0.821** 0.012 0.857** 0.910**
PL (cm)
rp -0.481** 0.313 -0.334 -0.365*
rg -0.553** 0.368* -0.384* -0.442*
FGP (no.)
rp -0.097 0.795** 0.886**







Note: * and ** indicate significant at 5% and 1% level of probability, respectively.
[Cor.= Correlation, PH= Plant height, DFF= Days to 50% flowering, DM= Days to maturity, TTH = Total tillers/hill (no.), ET = Effective tillers/hill
(no.), PL= Panicle length (cm), FGP = Filled grains/panicle (no.), UGP = Unfilled grains/panicle (no.), TGW= 1000-grain weight (g) and GYP =
Grain yield/plant (g)]
Table 4. Phenotypic path coefficient analysis showing direct and indirect effects of the quantitative traits on yield of rice
Characters PH(cm) DFF DM TTH (no.) ET (no.) PL (cm) FGP(no.) UGP(no.) TGW (g) GYP(g)
PH (cm) -0.094 0.012 -0.032 -0.073 0.433 -0.009 0.332 0.014 0.104 0.686**
DFF -0.026 0.042 -0.052 -0.009 -0.002 -0.008 0.046 0.035 0.010 0.036
DM -0.031 0.023 -0.096 -0.028 -0.009 -0.004 0.014 0.039 0.005 -0.088
TTH (no.) -0.038 0.002 -0.015 -0.181 0.421 0.003 0.209 0.008 0.077 0.486**
ETH (no.) -0.069 -0.0001 0.002 -0.129 0.593 -0.006 0.362 -0.001 0.125 0.877**
PL (cm) 0.028 -0.012 0.013 -0.017 -0.110 0.030 -0.213 -0.036 -0.049 -0.365*
FGP (no.) -0.071 0.004 -0.003 -0.085 0.484 -0.0142 0.443 0.011 0.117 0.886**
UGP (no.) 0.011 -0.013 0.033 0.013 0.007 0.0092 -0.043 -0.114 -0.017 -0.114
TGW (g) -0.067 0.003 -0.003 -0.095 0.506 -0.0099 0.353 0.014 0.147 0.847**
Note: Diagonally bold figures indicate the direct effect. Residual effect: 0.103
[PH= Plant height, DFF= Days to 50% flowering, DM= Days to maturity, TTH = Total tillers/hill (no.), ET= Effective tillers/hill (no.), PL= Panicle
length (cm), FGP = Filled grains/panicle (no.), UGP = Unfilled grains/panicle (no.), TGW= 1000-grain weight (g) and GYP = Grain yield/plant (g)]
plant  height,  days  to  maturity,  total  tillers/hill  and
unfilled  grains  panicle,  the  effect  was  direct  and
negative at both levels which suggested that the direct
selection  of  these  traits  would  not  be  helpful.  The
residual  effect  decides  how  the  best  causal  factors
explain  the  variability  of  resultant  factor  (grain
yield/plant).  The  value  for  residual  effect  of
phenotypic  path  coefficient  was  0.103,  which
suggested that the nine characters contributed 89.7%
of variability in grain yield/plant in phenotypic path
analysis.  The  value  for  residual  effect  of  genotypic
path  coefficient  was  0.036  indicated  that  the  nine
characters  contributed  96.4%  of  variability  in  grain
yield/plant studied in genotypic path analysis. This is
due to non-significant correlation of some traits with
yield.
Nature and magnitude of genetic diversity for the
yield and yield contributing traits
Different  characters  contributed  differently  to  the
total  variation as indicated by their  eigen vectors as
well  as  their  loading  on the different  principal  axes
were known from the results of the PCA (Table 6). The
first  three  components  accounted  for  79.57%  of  the
total  variation with  eigen value  of  >  1.0  which  was
matched with the information provided (58, 59). The
first  component  accounted  for  48.46%  of  the  total
variation  where  grain  yield/plant  had  the  highest
positive  value  followed  by  filled  grains/panicle,
effective  tillers/hill,  1000-grain  weight,  plant  height
and  total  tillers/hill  whereas  the  second  component
accounted for 19.94% of the total variation explained
mostly by days to 50% flowering, days to maturity and
unfilled grains/panicle. The findings were similar with
the  earlier  studies  (24,  59,  60).  For  PC3,  days  to
maturity,  total  tillers/hill  and  panicle  length
contributed  11.18%  of  total  variation  with  panicle
length (0.63) given the highest contribution. The result
was in consent with the exploratory results  of some
other  researchers  (61-63).  So,  the  results  expressed
that  extensive  genetic  variation  was  existed  in  the
germplasms of this study. Resulting germplasm of this
study will be more effective in finding out the parents
for the improvement of yield in rice.
The  germplasm  were  grouped  into  5  clusters
based on D2 valus (Table 7 and Fig. 1) where cluster III
and IV had 8 germplasm where each of them covering
25.81% of the total germplasm which were considered
as  the  largest  clusters  whereas  cluster  V  was  the
smallest  cluster  covering  12.90%  of  the  total
germplasm  indicating  the  presence  of  genetic
diversity. Similar clustering and high degree of genetic
diversity  were  also  reported  by  others  in  rice
(64,65,66).  The  rice  germplasm  accumulated  in  the
same  cluster  indicate  that  they  are  not  sharply
diversified.  Cluster I and II covered about 16.13 and
19.35% of  the  total  studied  germplasm,  respectively.
The  results  also  revealed  that  no  duplication  was
present for the studied traits.
In  most  of  the  cases,  the  intra-cluster  distance
was  smaller  than  the  inter-cluster  distance  which
indicates that the diversity among the germplasm of
this group was broad (Table 8 and Fig. 2). The result
was similar to earlier reports (30, 67). Maximum intra-
cluster  diversity  was  observed  in  cluster  II  while
minimum in cluster III. The results indicated that the
germplasm  belonged  in  cluster  II  had  more
heterogeneity  among  themselves  and  germplasm  in
cluster III were comparatively more closely related. As
for the inter-cluster distance,  maximum inter-cluster
distance  was  shown  from  cluster  II  and  cluster  V
suggesting  that  hybridization  among  the  studied
germplasm  having  high  yield  potential  taken  from
these  highly  divergent  clusters  might  produce
heterotic  combinations  and  wider  variability  in
segregating  generations.  Minimum  inter-cluster
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Table 5. Genotypic path coefficient analysis showing direct and indirect effects of the quantitative traits on yield of rice
Characters PH(cm) DFF DM TTH (no.) ET (no.) PL (cm) FGP(no.) UGP(no.) TGW (g) GYP(g)
PH (cm) -0.163 0.008 -0.017 -0.104 0.544 -0.010 0.353 0.015 0.085 0.711**
DFF -0.046 0.029 -0.029 -0.012 -0.001 -0.010 0.052 0.039 0.008 0.028
DM -0.054 0.016 -0.052 -0.042 -0.015 -0.005 0.014 0.044 0.004 -0.091
TTH (no.) -0.069 0.002 -0.009 -0.248 0.551 0.002 0.235 0.010 0.066 0.540**
ETH (no.) -0.121 0.000 0.001 -0.186 0.735 -0.007 0.386 -0.001 0.103 0.910**
PL (cm) 0.056 -0.010 0.009 -0.012 -0.162 0.031 -0.259 -0.047 -0.046 -0.442*
FGP (no.) -0.123 0.003 -0.002 -0.124 0.602 -0.017 0.471 0.013 0.096 0.923**
UGP (no.) 0.020 -0.009 0.018 0.020 0.007 0.011 -0.047 -0.126 -0.014 -0.119
TGW (g) -0.116 0.002 -0.002 -0.136 0.632 -0.012 0.377 0.015 0.120 0.881**
Note: Diagonally bold figures indicate the direct effect. Residual effect: 0.036
PH= Plant height, DFF= Days to 50% flowering, DM= Days to maturity, TTH = Total tillers/hill (no.), ET= Effective tillers/hill (no.), PL= Panicle
length (cm), FGP= Filled grains/panicle (no.), UGP= Unfilled grains/panicle (no.), TGW= 1000-grain weight (g) and GYP= Grain yield/plant (g)
Table 6. Principal components (PCs) for quantitative morphological
traits of the studied rice genotypes under field condition
Characters PC1 PC2 PC3
Plant height (cm) 0.38 0.11 0.12
Days to 50% flowering 0.09 0.56 0.13
Days to maturity 0.07 0.55 0.43
Total tillers/hill (no.) 0.29 -0.11 0.53
Effective tillers/hill (no.) 0.42 -0.20 0.15
Panicle length (cm) -0.21 -0.31 0.63
Filled grains/panicle (no.) 0.42 -0.05 -0.18
Unfilled grains/panicle (no.) -0.09 -0.45 0.15
1000-grain weight (g) 0.41 -0.09 -0.04
Grain yield/plant(g) 0.43 -0.14 -0.16
Eigen value 4.85 1.99 1.12
%Variance explained 48.46 19.94 11.18
Cumulative variance (%) 48.46 68.39 79.57
distance was observed between cluster I and cluster V
expressing  the  narrow  diversity  between  these
clusters.  Although,  the  germplasms  of  these  two
clusters might not be used for crossing with each other
in  hybridization  programme,  it  might  be  used  in
breeding programme for biparental  crosses between
the most diverse and the closest groups to break the
awful  linkage  between  yield  and  yield  contributing
traits.
Table  9  presented  the  mean  performance  of
different  clusters  for  different  quantitative  traits.
The result revealed that cluster II was characterized
by high abundance of plant height,  total tillers/hill,
effective  tillers/hill  and 1000-grain weight  whereas
low  abundance  for  these  characters  was  found  in
cluster  V  showing  maximum  contribution  of  these
traits towards the divergence between cluster II and
V.  There  are  studies  on  mean  performance  of
different  clusters  on  rice  germplasm  using  D2
statistics (58, 68). Cluster II included maximum days
to  50%  flowering,  number  of  filled  grains/panicle
and  grain  yield/plant  whereas  cluster  I  had  the
minimum  days  to  50%  flowering  number  of  filled
grains/panicle  and  grain  yield/plant  indicating
divergence between cluster I and cluster II. Cluster
II  included  germplasm  with  maximum  days  to
maturity  whereas  cluster  IV  included  germplasm
with  minimum  days  to  maturity  indicating
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Percent (%) Name of the genotype
I 5 16.13 Gaindha, Purabinni, Lalchinishail, Mery gold and Sentu-5
II 6 19.35 Fulkainja, Rupashail, Ledabinni, Bishalibinni, Sentu-16 and Ranishail
III 8 25.81
Biroi,  Chapal,  Dudhbinni,  Motamorang,  Markabinni,  Goatibinni,  Shongbinni  and
Sentu-18
IV 8 25.81
Sentu-15,  Sentu-19,  Champamasuri,  Sentu  gold,  Chapal-2,  Sentu-6,  Sentushail  and
Sentu-17
V 4 12.90 Chotosornolota, Pairjaat, Fullota and Lalmatia
Fig.  1.  Dendrogram  based  on  summarized  data  on  differentiation  among  the rice  germplasm  according  to  Ward’s  method  [1.Gaindha,
2.Purabinni,  3.Fulkainja,  4.Rupashail,  5.  Leda  binni,  6.Biroi,  7.Chapal,  8.Sentu-15,  9.Sentu-19,  10.Lalchinishail,  11.Dudhbinni,
12.Champamashuri,  13.Chotosornolota,  14.Motamorang,  15.Pairjaat,  16.Sentu  gold,  17.Markabinni,  18.Bishalibinni,  19.Goatibinni,
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Cluster I Cluster II Cluster III Cluster IV Cluster V
Table 8. Average intra and inter-cluster distance among the rice germplasm for yield and yield contributing traits




































Note: Bold value in the table indicates intra-cluster distance
divergence  between  cluster  II  and  cluster  IV.
Germplasm with the longest panicle  were included
in cluster I whereas cluster II had the shortest ones
indicating divergence between cluster I and cluster
II. Maximum number of unfilled grains/panicle was
contained  by  cluster  I  while  cluster  III  had
minimum  number  of  unfilled  grains/panicle
indicating divergence between cluster I and cluster
III. The mean values of cluster groups revealed that
cluster II was highly divergent among the all cluster
groups. The traits included in this cluster viz., plant
height,  days  to  50%  flowering,  days  to  maturity,
total tillers/hill, number of effective tillers/hill, filled
grains/panicle,  1000-grain  weight  and  grain
yield/plant contributed maximum towards the total
divergence.  The  genetically  diverse  genotypes
become  more  important  for  developing  variety
resistant to diseases and adverse climatic conditions
as  the  modern  variety  with  narrow  genetic  bases
are vulnerable to these (2).  So,  traits  having broad
genetic bases found from this study can be used for
developing  a  resistant  variety  as  well  as  reducing
yield losses.
Characterization  based  on  qualitative  characters
using DUS test
Distinctness, uniformity and stability test was done to
characterize the qualitative morphological traits of the
studied  rice  germplasm  (Table  10).  Out  of  31
qualitative  traits,  5  showed  homogeneity  (blade
pubescence,  basal  leaf  sheath  color,  ligule  shape,
auricle  color  and  decorticated  grain:  scent)  and  the
rest  26  showed  heterogeneity.  All  the  germplasm
possessed  glabrous  typed pubescence,  green colored
leaf  sheath,  2-cleft  shaped ligule,  pale  green colored
auricle and non-scented decorticated grains. 
Pigmentation 
Regarding  the  leaf  blade  color,  9% germplasms  had
pale green, 66% germplasms had green and 25% had
dark green leaf blade. There are reports on the highest
frequency  for  green  leaf  blade  (69).  In  case  of  leaf
sheath  and  culm  anthocyanin  coloration,  only
Dudhbinni  possessed  it.  Studies  are  also  on  greater
variation  for  leaf  sheath  and  culm  anthocyanin
coloration (70, 71). Among the germplasms evaluated,
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Fig. 2. Diagram showing intra- and inter-cluster distances of the studied rice genotypes.
Table 9. Cluster means for ten characters related to yield of the rice germplasm
Characters Cluster I Cluster II Cluster III Cluster IV Cluster V
Plant height (cm) 87.25 128.78 115.51 101.40 79.72
Days to 50% flowering 105.27 113.06 111.79 105.92 110.50
Days to maturity 147.40 150.44 148.67 139.00 143.33
Total tillers/hill (no.) 14.60 16.28 13.42 15.29 10.34
Effective tillers/hill (no.) 9.90 15.00 11.46 13.17 7.92
Panicle length (cm) 26.82 23.36 24.37 25.05 23.94
Filled grains/panicle (no.) 127.62 224.57 173.93 183.05 130.47
Unfilled grains/panicle (no.) 35.36 28.14 19.92 31.42 29.95
1000-grain weight (g) 14.36 25.45 18.82 21.33 13.41
Grain yield/plant(g) 7.09 9.63 8.38 8.98 7.26
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Table 10. Characterization of rice germplasm based on qualitative characters during Aman season










Pale green 1 3 9.68
Green 21 1,2,4,6,7,10,11,12,15,16,17,20,21,22,24,25,26,27,29,30,31 67.74




Absent 30 1,2,3,4,5,6,7,8,9,10,12,13,14,15,16,17,18,19,20,21,22,23,24,25,26,27,28,29, 
30, 31
96.77
Present 1 11 3.23
4
Basal leaf sheath 
color
Green 31 1-31 100
5 Leaf angle
Erect 12 11,13,14,15,24,25,26,27,28,29,30,31 38.71
Horizontal 19 1,2,3,4,5,6,7,8,9,10,12,16,17,18,19,20,21,22,23 61.29
6 Flag leaf angle
Erect 16 3,4,8,9,13,14,18,19,24,25,26,27,28,29,30,31 51.61
Semi-erect 15 1,2,5,6,7,10,11,12,15,16,17,20,21,22,23 48.39
7 Ligule color
White 25 1,3,5,6,7,8,10,12,13,15,16,17,18,19,21,22,23,24,25,26,27,28,29,30,31 80.65
Purple lines 5 2,4,9,14,20 16.13
Purple 1 11 3.23









Green 1 8 3.23
Purple 1 11 3.23











Present 1 11 3.23
12 Culm angle
Erect 17 4,5,8,9,12,13,16,19,22,24,25,26,27,28,29,30,31 54.84
Intermediate 9 1,3,6,7,10,11,14,17,18,23 29.03
Open 3 2,20,21 9.68
Spreading 1 15, 3.23
13 Internode color
Green 19 2,3,4,5,8,9,11,12,14,15,16,18,20,22,23,24,27,29, 30 61.29








Intermediate 8 3,4,14,22,23,24,27,28 25.81
Weak 11 1,2,7,10,11,12,13,15,17,21,31 35.48
Very weak 1 19 3.23
15 Panicle type
Intermediate 27 1,3,4,5,7,8,9,10,11,12,13,14,15,16,17,18,20,21,22,23,24,25,26,28,29,30,31 87.10




Absent 7 2,5,6,7,8,11,20 22.58
Light 24 1,3,4,9,10,12,13,14,15,16,17,18,19,21,22,23,24,25,26,27,28,29,30,31 77.42
17 Panicle exertion
Partly exerted 8 5,12,13,16,22,25,26,28 25.81




Well exerted 2 19,27 6.45
18 Axis
Straight 10 4,5,8,16,17,18,19,20,29,30 32.26
Droopy 21 1,2,3,6,7,9,10,11,12,13,14,15,21,22,23,24,25,26,27,28,31 67.74
19 Shattering
Very low 20 2,4,5,14,15,16,17,18,19,21,22,23,24,25,26,27,28,29,30,31 64.52
Low 8 1,3,6,9,11,12,13,20 25.81
Moderate 3 7,8,10 9.68
20 Threshability




Intermediate 18 1,2,3,4,6,9,11,12,13,14,15,21,22,23,26,28,29,30 58.07
Loose 4 7,8,10,26 12.90
Easy 4 18,20,24,27 12.90
61%  had  green pigmented  internodes  and  39% had
light gold internodes. A large variation was found for
ligule  color:  81%  germplasms  showed  white  ligule,
16%  germplasms  showed purple  line  ligule  and  3%
germplasms named Dudhbinni  showed purple  ligule
among the studied germplasms. For collar color, pale
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21 Awn: distribution
None 25 1,2,4,6,7,8,9,10,11,12,13,14,15,16,17,21,22,23,24,25,26,27,28,29,31 80.65









Straw 4 3,5,18,30 12.90
Gold 0 0
Brown (tawny) 2 19,20 6.45
23 Apiculus color
Straw 11 6,8,14,15,16,20,24,25,26,27,28 35.48
Brown 14 1,3,4,7,9,10,12,13,21,22,23,29,30,31 45.16
Red apex 2 18,19 6.45
Purple 1 5 3.23
Black 3 2,11,17 9.68
24 Stigma color
White 2 6,11 6.45
Light green 2 2,7 6.45
Yellow 22 1,3,4,8,9,12,13,14,16,17,19,21,22,23,24,25,26,27,28,29,30,31 70.97
Light purple 2 5,10 6.45
Purple 3 15,18,20 9.68
25
Lemma and palea 
color

















Purple 3 5,10,18 9.68
Black 2 2,11 6.45
White 0 0
26
Lemma and palea 
pubescence









Straw 14 1,2,3,4,6,13,16,22,23,24, 25,26,29, 30 45.16
Gold 10 8,10,12,14,15,18,20,27,28,31 32.26
Red 6 7,9,11,17,19,21, 19.35
Purple 1 5 3.23
28 Seed coat color
White 20 2,3,4,5,7,8,9,12,13,14,15,16,17,18,21,22,23,29,30,31 64.52






















Very early 11 4,6,10,13,14,17,19,21, 25,26,31 35.48
Early 2 7,12 6.45
Intermediate 5 1,11,15,16,31 16.13
Late and slow 8 3,8,9,18,20,22,24,30 25.81
Very late 5 2,5,23,27,29 16.13
green collar  was present  in 94% germplasms,  green
collar was present in 3% germplasms and rest of the
germplasms  had  purple  collar.  There  are  similar
results  found  from  this  study  for  ligule  and  collar
color  in  rice  (69).  Studied  germplasm  having  awn
showed two colored awn: straw and brown color for
67%  and  33%  germplasm  accessions  respectively.
Significant differences were found for apiculus color:
brown apiculus was recorded in 45%, straw apiculus
in 35%, black apiculus in 10%, red apiculus in 6% and
purple  apiculus  in  3%  of  the  studied  germplasm
accessions. Records are on the highest frequency for
awn and straw color (58, 72). Most of the germplasm
had yellow colored stigma (71%), which is followed by
purple  (10%),  light  green (6%),  white  (6%)  and light
purple  (6%)  stigma.  It  was  also  found  distinctive
variation for stigma color in their study (69). Out of
the studied germplasm, 23% showed brown furrows
on  straw  background  for  lemma  and  palea  color
which is followed by gold and gold furrows on straw
background (16%), straw (19%), brown (13%), purple
(10%),  brown  spots  on  straw  (6%),  reddish  to  light
purple  (6%)  and  black  (6%).  So,  there  exist  wide
variations  in the  studied  germplasm for  lemma and
palea color which was also found by other researchers
in their studies (73, 74). In case of sterile lemma color,
45% germplasm had straw sterile  lemma color,  32%
had gold color, 19% had red color and 3% had purple
color which was matched with the earlier report (62)
but dissimilar  to the results  reported (72).  Seed coat
was white in 65% germplasm. However, seed coat of
rest  of  the  germplasm  was  light  brown,  variable
purple,  speckled brown, brown and purple  in color.
Traits  having  different  pigmentation  are  very
functional and helpful in sorting out of off-types and
keeping the seed genetically pure.
Angle of leaf, flag leaf and culm and culm strength
Majority of the germplasm possessed horizontal type
leaf angle (61%) whereas erect type of angle of leaves
were found for 39% germplasm. On the other hand,
flag  leaf  angle  was  found  erect  in  52%  germplasm
and semi-erect in 48%. Similar angle of flag leaf was
also found by others (72). Erect type of leaf and flag
leaf  angle  helps  to  accumulate  more  sunlight  and
contributes  more  in  photosynthesis  as  well  as
producing  more  photosynthate  which  results  in
higher  grain yield.  Culm angle  was found erect  for
57%  germplasm,  intermediate  for  30%  germplasm,
open  for  10%  germplasm  and  spreading  for  one
germplasm. Wide variability for culm angle was also
reported in rice (75). For 3% accession, culm strength
was  found  strong,  moderately  strong  for  32%,
intermediate for 26%, weak for 36% and very weak
for  3%  accession.  Strong  and  moderately  strong
culms are beneficial for rice production as it reduces
lodging as well as yield losses.
Type  of  axis  and  panicle,  panicle  exertion,
secondary branching and awn
It  was  found that  32% germplasm had straight  axis
whereas 68% had droopy type. Similar trait was also
studied  (74)  who also  found droopy axis  in most  of
their studied genotypes. Among the tested germplasm,
87% accessions had intermediate type of panicle and
only  13%  had  open  panicle.  None  of  them  had
compact type of panicle. About 36% germplasm with
moderately well exerted panicle followed by 32% with
just exerted panicles, 26% with partly exerted panicles
and  6%with  well  exerted  panicles.  Variation  was
found for panicle exertion as it is affected by the agro-
climatic  condition and cropping seasons of this  crop
(73,  76).  Well  exerted panicle  is  more advantageous
than other types as it helps in successful pollination
which is a must for higher yield in rice. Of the studied
germplasm, 77% had light secondary branching. Only
19.36% germplasm possessed awn at grain (80.645%).
Similar  work was also reported (69).  Earlier  reports
were also showed a wider variability for this trait (71).
Awn at tip was found for 13% germplasm and 3.23%
for each upper quarter and upper three quarters. Rice
having awn at grain helps it to survive in the changing
environment. 
Lemma  and  palea  pubescence,  endosperm  type,
leaf senescence, shattering and threshability
Among the studied germplasm, 71% showed glabrous
pubescence of lemma and palea followed by 19% short
hairs and 10% hairs on upper portion. The thickness
of pubescence of lemma plays a very important role in
identification  of  different  varieties  of  rice  (77).
Majority of the germplasm possessed glutinous type of
endosperm (74%) while 7% had non-glutinous or non-
waxy type (6%) and 19% had the intermediate type.
Out  of  the  studied  rice  germplasm,  36% germplasm
expressed  very  early  leaf  senescence,  26%  late  and
slow, 16% of each intermediate and very late and 6%
early leaf senescence. Shattering was very low in most
of the selected germplasm accessions (64%) which is
very helpful for reducing post-harvest loss of rice as it
reduces the shed of grain. Rest of the accessions had
low (26%) and moderate shattering (10%). Regarding
threshability,  58%  germplasm  showed  intermediate
type  of  threshability  followed  by  13%  moderately
difficult, 13% loose, 13% easy and 3% difficult type of
threshability.  Rice  germplasm  having  easy  type  of
threshability is desirable as it reduces the post harvest
loss of rice making the grain separation easy from its
plant.  High  variability  for  threshability  was  also
reported in rice (58,72).
Conclusion
Exploration  and  documentation  of  phenotype
information  is  a  priority  research  need  in  crop
modeling,  breeding,  for  association  studies,  gene
discovery, choosing cultivars and planning crosses for
maximizing  genetic  gain.  To  the  best  of  our
knowledge,  the  current  study is  the  first  phenotypic
study  involving  yield  and  yield  contributing  traits
including DUS traits and genetic analyses of the traits
by  utilizing  the  local  rice  germplasm.  Significant
variability  and  diversity  were  observed  among  the
studied  rice  genotypes  for  both  qualitative  and
quantitative  traits.  Among  the  studied  genotypes,
Sentu-16 was the highest yielding that can be used in
future plant breeding program. Selection of the traits
such  as  number  of  effective  tillers/hill,  number  of
filled  grains/panicle  and 1000-grain weight  might  be
effective to improve grain yield in rice as these traits
had high heritability  coupled with  high  GA (%)  and
positive significant relationship with grain yield/plant.
Maximum  genetic  diversity  was  found  among  the
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genotypes  included  in  cluster  II  and  cluster  V  and
selection of  these  genotypes  might  give  rise  to  high
heterotic response in the segregating generation. The
traits  such as blade color,  leaf  angle,  flag leaf angle,
culm  angle,  internode  color,  culm  strength,  panicle
exertion,  shattering,  threshability,  apiculus  color,
stigma color, lemma and palea color, lemma and palea
pubescence, sterile lemma color, seed coat color and
leaf senescence found as suitable traits  which might
be used for further improvement of rice. Finally, the
findings  of  the  study  open-up  new  horizon  for
developing  high  yielding  Aman  rice  varieties  by
utilizing promising genotypes and trait associations.
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